In modern biology, theories of aging fall mainly into two groups: damage theories and programed theories. If programed theories are true, the probability that human beings live beyond a specific age will be zero. In contrast, if damage theories are true, such an age does not exist, and a longevity record will be eventually destroyed. In this article, for examining real state, a special type of binomial model based on the generalized Pareto distribution has been applied to data of Japanese centenarians. From the results, it is concluded that the upper limit of lifetime probability distribution in the Japanese population has been estimated 123 years.
In modern biology, theories of aging fall into two groups: one consisting of damage theories, and the other consisting of programed theories. Yin and Chen (1) listed 24 damage theories and summarized them as those damage theories that consider aging as a consequence of diverse external damages in life's processes. Terman and Brunk (2) called such damages biological "garbage" and proposed a theory that biological "garbage" cannot be totally repaired or removed by cellular degradation systems and, consequently, the biological system dies when the proportion of "garbage" increases beyond a critical level. On the other hand, Wallace (3) and Weismann (4) propounded programed theories, considering that individuals are programed to die so that they do not compete with their offspring, a theory introduced by Travis (5).
Strehler (6) suggested that the Gompertz distribution (7), describing increasing mortality with age, has given rise to a number of damage theories. Because the Gompertz distribution has no upper limit, if the damage theories are true, meaning that lifetime probabilities are not zero, a longevity record will be eventually destroyed infinitely. On the other hand, Travis (5) developed a spatially explicit patch occupancy model (8) in which individuals were supposed to die immediately when they reached a programed age, although they could stochastically die before the programed age. According to the results of his simulations, a programed age of death was allowed to evolve in a spatially structured population with localized dispersal. Considering Travis's supposition, if the programed theories are true, lifetime probability distributions in humans have a certain upper limit so that the probability that human beings live beyond a specific age will be zero.
Yin and Chen (1) emphasized that the damage theories overtake the programed theories by number. Also Travis (5) acknowledged that most evolutionary biologists, with just a few exceptions (9, 10) , continue to believe that the way evolution works makes it impossible for genes to exist with the single function of causing death (11) (12) (13) . Furthermore, 51 international scientists recently drafted and endorsed the damage theories (14) . Travis (5) , however, concluded that Wallace's early ideas about the evolution of aging and death may had been dismissed too soon, based on the results of his simulation. So far as we see, there is no consensus on this issue (15) .
Our aim in this article is to estimate the upper limit of lifetime probability distribution (ULLPD) in the Japanese population, based on the analysis of data of Japanese centenarians, to examine which of damage or programed theories our data support. In the next section, the data analyzed in this article are presented, followed by an introduction to our analysis. Finally, implications of our results are discussed.
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shows the number of survivors who were born in the year k − 100 and had reached the age of i + 100 , provided that there was no centenarian immigration or emigration. The three components in (equa- For determining extinction of cohorts, we regard a cohort "extinct" if there has been no death in that cohort for 3 years. Accordingly, J C = 1998 for the male cohorts and J C = 1994 for the female cohorts. 
Methods
Supposing, for the purposes of summarizing the data, that all people die 6 months after their last birthday, then the mean residual life based on observed data S ik = s ik is calculated by: for females. From the figure, we found that the mean residual life is roughly linear for both male and female cohorts, which is an important property of the generalized Pareto distribution (GPD) (18) . This probability distribution is introduced as follows.
Let X X X n 1 2 , , ,  be a sequence of independent lifetimes of individuals with common distribution function F and denotes an arbitrary term in the X i sequence by x. Then, according to the extreme value theory, if u is a large enough constant, then the probability Pr{ | } Y X u y X u ≡ − > > is approximated by the GPD function, defined by:
exp( / ) . 
In addition to the linearity of mean residual life, that is,
, another important property of this distribution is that its upper limit varies, depending on parameter values. If γ < 0 , then the upper limit of the distribution is finite, Izumi as a 'necronym'-that is, gave him his dead brother's name, as the new research suggests-this means his final age was 105 years old, not 120." (Gerontology research group, Table D Continued that is, 0 < < − ≡ Y a/ , γ ω and if γ ≥ 0 , then the upper limit of the distribution is infinite, that is, 0 < < ∞ Y . Let us assume that the residual survival times of individuals who were born in the same year k -100, and have been alive for more than 100 years, have the same GPD. Then, those individuals die at the age of i + 100 with a probability of p i
, and the conditional probability that S s
where d s s 
and the Fisher Information matrix is
where (equation 5), the estimates obtained by maximizing L k , say γ and â , have asymptotic normality, even when γ ≤ −1 , which is different from the property of estimates obtained by maximizing the density of the continuous distribution function, as studied by Davison (19) and Smith (20) . However, it can be seen that for the normality of estimates. In this article, however, the asymptotic standard deviations of γ and â are calculated from the observed Fisher Information matrix
Thus, ( , ) α γ   must be located in the dotted area indicated in Figure 3 because  I diverges to infinity as − → a / γ max i s ik > { } 0 . Although the likelihood functions are given by 1-year cohorts, the groups of people may be too small to see the trends in ULLPD over time. Thus, noticing that J C = 1998 for the male cohorts and J C = 1994 for the female cohorts, we focused on the 4-year cohorts and assumed that γ γ where
Results

Deviances calculated by
with corresponding p values are presented in Table 2 . As shown in the table, most of the p values are sufficiently large (p > .05); therefore, we conclude that our model fits the data well for most of the male and female cohorts. In Table 2 , also γ , â , ˆ/ ω γ = −a  , and their asymptotic standard deviations calculated by  I with corresponding p values are presented. As shown in the table, γ is negative with significant p values (p < .05) for the male cohorts born after 1883 and for the female cohorts born after 1867. Since the number of survivors aged exactly 100 years, which is the sample size in this article, has been increasing, γ will be close to the true values for younger extinct cohorts. Hence, it is concluded that the limit of lifetime distribution of the Japanese population is finite, supporting the programed theories.
In addition, as shown in Figure 4 , ω is almost the same finite age among males and females who were born after 1875 (3 years after the year when the first modern family registration system was established). The data under this system have been unavailable for inspection since 1968 because of a registration item about a castelike social hierarchy in those days in Japan (21) . Furthermore, ω is about 123 years for both males and females who were born after 1887 (1 year after the year when the family registration system was amended). The data under the amended system are available for inspection nowadays because such a discriminative item was deleted from the registration (21) .
Note 2. Surprisingly ULLPD for the 4-year female cohort born in 1985-1988, including Ms. Misao Okawa, is estimated around 123 years. Therefore, it is concluded that ULLPD in the Japanese population is around 123 years, even though that for the 4-year male cohort 
Discussion
In this study, ULLPD in the Japanese population has been estimated 123 years, based on the data on Annual Vital Statistics Report of Japan. Another possible data source for that purpose is in a series of publications entitled Zenkoku koureisha meibo (List of Centenarians in Japan) (22) (23) (24) (25) (26) , previously published by the Japanese government every year from 1963 to 2003. From these publications, we obtained data on the numbers of centenarians by year and age. However, it was revealed on September 10, 2010 that more than 230,000 elderly people in Japan who are listed as being centenarian were unaccounted for (27) ; hence, the credibility of that data has since been questioned. Although Saito and colleagues (28) concluded that the impact of those missing elderly people on life expectancy statistics is effectively nil, such missing may cause some bias in the estimates. However, as long as centenarians are missing independent of their age, the numbers of centenarian deaths with no missing centenarians may have the same distribution as one that for centenarian deaths including the missing ones. In addition, our conclusion in this article is roughly consistent with the result of our previous study based on that data (25) . In previous studies of life expectancy, different results by sex were reported. For example, Rossi and colleagues (29) reported the finding that an acceleration of rectangularization of the survival curve was observed for males, whereas a deceleration occurred among the females. This difference between the results for males and females may be explained by the endocrine theory (30) because there are fundamental differences between males and females driven by the hormonal system (31) . In addition, such a sex gap is most pronounced in centenarians. Actually, females outnumber males nine to one among centenarians worldwide (32) . Nevertheless, as for ULLPD, our result suggests that there is little or no difference between male and female centenarians, which may suggest that ULLPD must be discussed separately from life expectancy.
In the study of extreme value theory, Kaufmann (33) analyzed mortality data from West Germany and suggested that a limit to human longevity was improbable. Whereas, Aarssen and de Haan (34) studied the same problem using data sets of both birth and death dates. Their data consisted of the total life span (in days), sex, and year of birth of all people born in the years 1877-1881, still alive on January 1, 1971 , and who died as residents of the Netherlands. They showed that there exists a finite age limit of 113-124 years, which is consistent with our conclusion here.
In the field of biodemography, human lifetime probability distributions are conventionally assumed to be Gompertz distributions (6, 7, 35) . However, as it has been observed that life expectancy and the maximum age at death have significantly increased during recent decades, the logistic (Kannisto) model (36) has become popular. Although the logistic model has been successfully applied in studies for explaining plateaus in old-age mortality (37) (38) (39) (40) (41) (42) , application of this model for estimating the limit of longevity is controversial (29, (43) (44) (45) . In the debate on the logistic model, our study supports Rose's conclusion (46) , introduced in the review by Olshansky (47) , that the Gompertz distribution works well for the majority of the age range of species, but begins to fail at extreme old age, when few individuals remain alive. Modig and colleagues (44) have recently reached a similar conclusion. On this controversy, Gavrilov and Gavrilova (48) also concluded from a study of several single-year extinct birth cohorts that mortality trajectory at advanced ages follows the Gompertz law up to the ages 102-105 years without a noticeable deceleration. Because of the above controversy, it might be meaningful to examine what age is reasonable as the threshold u for GPD function mentioned in (equation 2); however, it might be beyond our aim of this article.
Our analysis has been performed only on all-cause mortality, though accidents, homicides, infectious and parasitic diseases, climate, and many other causes of death may be contaminating the "biological limit." In addition, nutritional status, which were observed in centenarians living in 23 wards of Tokyo from 1999 until 2001 (49) , may disrupt estimation of the probabilistic limit of longevity. Those points are concerned with our next research aim, that of obtaining the data for the numbers of deaths given by age, year, year of birth, cause of death, and analyzing them.
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